the onset of ventricular fibrillation in 6 dogs. Unipolar electrograms were simultaneously recorded from 192 ventricular epicardial sites evenly spaced in a 3 by 3cm square area surrounding 2 central sites to which stimuli for inducing fibrillation were delivered. In 5 dogs, 2 to 10msec duration pulses with amplitudes of 150 to 220v were used to induce fi brillation, and in 1 dog, 3 successive premature stimuli of 3v intensity were used to induce fibrillation.
In 2 dogs the pattern of activation at the onset of fibrillation was compatible with local reentrant paths near the stimulus site.
Fibrillation was induced with a single high intensity pulse in both of these dogs.
In the other 4 dogs, the pattern of activation at the onset of fibrillation was highly suggestive of reentrant paths distant from the stimulating electrodes.
In 3 of these dogs fibrillation was induced by a single high intensity pulse and in the other it was induced by 3 repetitive stimuli. Activation patterns resembling supraventricular activation occurred prior to fibrillation in the latter animal.
The data demonstrate 2 distinct modes of onset of electrically induced ventricular fibrillation. The findings support local reentry in the region of the stimulus site as the mode of onset of fibrillation in some animals and ossible reentry at sites distant from the stimulus site with participation of the specialized conduction system in other animals. 
METHODS
Experiments were performed on 6 dogs anesthetized with pentobarbital 30 mg/Kg. The chest was opened in the midline and the heart cradled in the opened pericardium. The sinus node was crushed and atria paced at a cycle length of 400msec using a bipolar stimulating electrode. A specially constructed multiple electrode array was applied to the right ventricular surface, The array consisted of 196 silver electrodes each 0.2mm in diameter. Electrodes were mounted on a 3 by 3cm square of rubber. Electrodes were 2mm apart and placed in 14 rows of 14 electrodes each. One margin of the array was placed parallel to the interventricular septum and the array covered the mid portion of the anterior surface of the right ventricle. Four of the electrodes at the center of the array were reserved for stimulation and in each experiment, 2 were used for this purpose. In 5 experiments, the stimuli used to induce fibrillation were single pulses of 2 to 10msec duration and 150 to 220v. To produce ventricular fibrillation with a single pulse, the cardiac cycle was scanned from the refractory period and stimulus intensity increased during successive scans until fibrillation occurred. In 1 experiment, ventricular fibrillation was induced by 3 successive premature stimuli of 3v with intervals adjusted to result in ventricular fibrillation.
Unipolar electrograms were recorded from 192 electrodes. Electrograms were recorded simultaneously at a 1000Hz sampling rate using electronic multiplexing. The reference electrode for unipolar electrograms was a subcutaneous needle in the left hind limb. Multiplexed data were amplified and recorded on a 7-channel wideband instrumentation type tape recorder. Two of the 4 electrodes at the center of the array were selected to apply electrical stimuli that resulted in ventricular fibrillation.
A body surface ECG lead, unipolar atrial and right and left ventricular electrograms and arterial pressure curve were also recorded in each experiment.
Multiplexed electrograms from the 192 electrodes were demultiplexed and digitized for further processing using a PDP-15/35 digital computer. Apparent activation times in each electrogram were automatically determined by an algorithm which selected the times of all relative minima of the electrogram derivative which were below a preset threshold. 
RESULTS
Examples of the electrograms obtained during the onset of ventricular fi brillation are shown in Fig. 3 . In the records shown, fibrillation was induced by a single high intensity pulse. Electrograms are arranged with the same eometry as the electrodes in the array and the X indicates the site at which the test pulse was delivered relative to the electrodes. The records are simultaneous and the initial cycle is supraventricular in response to the atrial pacing stimulus. This is followed by the high intensity pulse artifact and premature depolarization due to that pulse. Subsequent activity is spontaneous and represents the onset of ventricular fibrillation. During the onset of ventricular fi brillation induced by single high intensity pulses in 2 dogs, there were particularly sharp spikes in electrograms near the stimulus site and some of these are identified by arrows in the figure. These spikes were associated with probable reentrant paths near the stimulating electrode as will subsequently be described and illustrated. Such spikes were not present in records from the other 3 dogs in which fibrillation was induced by a single pulse or in records from the dog in which fibrillation was induced by successive premature stimuli.
Activation sequences showed 2 patterns during the onset of ventricular fi brillation. One of the patterns is illustrated in Fig. 4 . The activation histogram, plotted as described in the methods section, is shown in the upper left portion of the figure.
In that plot, the first peak represents supraventricular excitation due to atrial stimulation. The second peak in the histogram represents premature depolarization due to a single high intensity ulse and subsequent peaks represent spontaneous activity constituting the onset of ventricular fibrillation. Maps of activation sequence in the sampled area are shown for the peaks designated A through E in the histogram. Map A shows supraventricular excitation which occurred rapidly in the sampled area spreading generally superiorly from the left inferior portion of that area. Map B shows activation sequence during the first spontaneous depolarization. In that map, there are isolated areas of late activation near the center of the sampled area, but the process largely spreads from the center of the area toward the periphery. Map C shows activation sequence during the second spontaneous depolarization. Counterclockwise spread of excitation near the center of the sampled area is present as indicated by the arrow. Probable local reentry was evident in some units of the array since these units were activated twice during the activation cycle illustrated. In map D, early activation occurred in the region adjacent to that of latest activation in the revious map, further suggesting that the counterclockwise spread of activation in that map constituted a reentrant path. Map D also shows a similar counterclockwise spread of activation near the center of the sampled area. Map J ap. Heart J. July, 1980 E shows activation sequence during the fifth spontaneous depolarization. Squares with 2 patterns indicate there were 2 activation spikes during the activation cycles shown. Map A shows the pattern of supraventricular activation which spread superiorly from the left inferior portion of the array. Map B shows the activation sequence during the first spontaneous premature depolarization.
There are isolated areas of late activation near the center of the array, but activation generally spread radially from the center to the periphery.
Map C shows activation during the second spontaneous depolarization.
The arrow indicates a counter-clockwise pattern of activation near the center of the array. Some units were activated twice in this cycle, and this probably represents local reentry. In map D the earliest activation occurred adjacent to the area of late activation in map C and proceeded in a counterclockwise direction as indicated by the arrow. Map E shows a complex pattern of activation during the fifth spontaneous depolarization.
The arrows indicate 4 probable reentrant paths. Jap. Heart J. July, 1980 ing provides further evidence that one of the spontaneous events involved in the initiation of ventricular fibrillation was supraventricular excitation.
DISCUSSION
The direct demonstration of activation paths compatible with reentrant excitation in some instances of ventricular fibrillation induced by electrical stimuli is new evidence for that physiologic mechanism of the disorder. This evidence supplements previous findings suggestive of a reentrant mechanism of ventricular fibrillation and related arrhythmias. Durrer et al2) demonstrated slow unsynchronized ventricular conduction in the presence of myocardial infarction and suggested a reentrant mechanism of premature depolarizations in that condition. Boineau and Cox3) recorded potentials from 154 left ventricular sites after coronary occlusion in dogs and demonstrated desynchronization and slowing of excitation. In that study, conduction delays likely to exceed the refractory state of adjacent normally excited tissue were found. El-Sherif et al4) have shown continuous electrical activity in regions of infarction 3 to 7 days after coronary ligation constituting direct evidence of the temporal conditions required for reentry. The present study furnishes evidence of the spatial conditions of excitation required for reentrant excitation. These conditions were demonstrated from epicardial mapping of the right ventricle using electrical initiation of ventricular fibrillation. It is likely that 3-dimensional definition of activation sequence will be required to obtain similar evidence of reentry in the thicker left ventricle and with myocardial ischemia as the initiating agency. In addition to providing evidence of a reentrant mechanism, findings in this study demonstrated 2 modes of onset of electrically induced ventricular fibrillation. One of these was characterieed by probable reentrant paths in the sampled area near the site of electrical stimulation. The other mode of onset involved events distant from the stimulating electrodes. With this mode of onset, activation entered the sampled right ventricular area from portions of its periphery and spread systematically through the area. The systematic propagation of excitation during some of the depolarizations preceding fibrillation suggested the responsible events originated at a substantial distance from the stimulating electrodes. During some of the depolarizations associated with the onset of ventricular fibrillation, activation sequence in the sampled area resembled supraventricular activation of that area. This finding does not constitute direct evidence of a reentrant mechanism but is compatible with that mechanism occurring at a distance from the site of stimulation and including elements of the specialized conduction system in reentrant paths. Vol.21 No.4
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Lyons and Burgess8) have documented the occurrence of reentry following PVCs in dogs with the reentry path involving the right bundle branch and common bundle. The occurrence of different modes of onset of ventricular fibrillation induced by electrical stimuli may be significant with respect to studies of ventricular fibrillation threshold. Instability of measurements is often a problem in such studies. It is possible that some of the instability results because fibrillation is initiated by a local reentrant mechanism during some determinations and via a reentrant mechanism involving the specialized conduction system during other determinations.
In addition the possibility that changes in VFT, during interventions such as vaga]. stimulation, are due to effects on the conduction system rather than to direct myocardial effects should be considered (Kent et al6) and Kolman et al7)). Findings in this study also suggest that ventricular fibrillation initiated by early premature depolarization may be the result of either reentrant circuits near the site of origin of such depolarizations or distant from that site. It is usually considered that such events are likely to occur near the origins of premature depolarizations since the depression of conductivity due to asynchronous repolarizations is greatest at that location.5) In this study however, the initiation of fibrillation by single intense stimuli which produced closely coupled premature depolarization involved events distant from the site of stimulation in 3 of 5 experiments.
The results indicate that electrically induced fibrillation cannot be assumed to be due solely to local effects around a stimulus site.
